ABSTRACT
Introduction
Esophageal cancer is among the ten more frequent types of malignant tumours of the world, representing approximately 1% of all of the lesions. It constitutes the fourth neoplasia that influence the man's digestive system, and its studies are very important, basically for two reasons: first, this type of cancer affects people in their most natural life proceeding: nutrition; second, its occurrence rates are quite similar to those of mortality, clearly demonstrating the treatment inefficacy. However, two procedures may change this terrifying picture: early diagnosis and prevention. Therefore, the search for substances that may interfere with the carcinogenesis keeping away the possibilities of new tumors, is a very attractive idea 1, 2 . Recent studies demonstrated that the consumption of fruits and vegetables rich in vitamin C is inversely related to the indexes of esophageal, stomach, oral cavity and pancreatic cancers. Vitamin C seems to influence considerably less the uterus, rectum, mamma and lung. The mechanism by which the vitamin C has protective action on the carcinogenesis is controversial and several hypotheses are arisen 3, 4 . Diethylnitrosamine (NDEA) it is a well known N-nitrous compound that provokes esophageal cancer, and a lot of defined models can be used for the disease induction in laboratory animals 5, 6 . Several researches carried out during the last years have made efforts to find a substance to eliminate the nitrosamine noxious effects, once the exogenous and endogenous contact with this compound is extremely common every day. Studies showed that the vitamin C is capable to prevent nitrosation,, and to interfere with experimentally induced carcinogenesis 3, 4 . The objective of this study was to evaluate by macroscopic and microscopic analysis the inhibitory effect of the vitamin C on experimental NDEA-induced esophageal carcinogenesis in rats.
Methods
The experimental protocol was previously approved by the Ethics Committee for Animal Experimentation of the State University of Campinas -Unicamp. Sample size was calculated for a standard deviation of 10%, difference between proportions of 5% and significance of 0.05.
The sixty Wistar male rats (SPF -specific pathogen free) used in this study, were supplied by the Animal Reproductive Center of the State University of Campinas. They were under ideal conditions of health and feeding, aging three months and weighting between 150 and 220g (mean = 210g).
Diethylnitrosamine (NDEA) was acquired from the Sigma (Sigma Chemicals Co. St. Louis, Millstone -USA), flask with 100ml, density of 0.95 g/ml, molecular weight of 102.1 g/mol and chemical formula C4H10N2O. The compound was diluted in drinking water, and administered to the animals for 3 days of the week, in the dosage of 10mg/Kg of corporal weight, based on a mean consumption of water of 40ml per animal.
Vitamin C, it was obtained from EMS -Pharmaceutical Industry, Campinas, São Paulo, Brazil (flask of 5ml/500mg), and prepared fresh in drinking water at intervals throughout the study and administered to the animals in a dosage of 200mg/animal/day.
The animals were divided into six groups (I, II, III, IV, V, VI) with ten rats, which received water, vitamin C and NDEA in alternate days (Table 1) , and observed for 180 days. Afterwards, they were sacrificed and submitted to the necropsy soon after the death. The esophagus was removed and opened to be macro and microscopically analyzed and classified according to the Japanese School standartization 7 . The pieces were extended on polystyrene plaques and secured with pins and then transversally cut, obtaining fragments of about 2mm. All the fragments were identified, placed in vessels with 10% formaldehyde solution and processed by the usual methods to obtain histological cuts, which were stained by hematoxylin and eosin.
GROUPS DRUGS

I
Controls -only water.
II
Vitamin C every day of the week.
III
NDEA 3 days of the week.
IV
NDEA 3 days of the week, alternated with vitamin C during the other 4 days.
V
NDEA and vitamin C together for 3 days of the week and water during the other 4 days.
VI
NDEA and vitamin C together for 3 days of the week and only vitamin C during the other 4 days The Kruskal Wallis Test (nonparametric variance analysis) was used for the statistical analysis followed by multiple comparisons using the DUNN Test for number of tumors and the Fischer's Exact Test for comparison of proportions, with significance of 5% (p <0.05).
Results
None rat in the groups that did not receive NDEA presented tumor (I and II), on the other hand, all of the groups that received NDEA (III, IV, V, VI) presented tumors. Squamous cell carcinomas were found in all macroscopic tumors. The largest number of neoplastic lesions was observed in the group III. In this group 48 macroscopic lesions (4.8 lesions per animal) and 23 mi- 
Number of lesions
Groups
Macroscopic lesions
Microscopic lesions croscopic lesions (2.3 lesions per animal) were found. The group IV presented 31 macroscopic lesions (3.1 lesions per animal) and 17 microscopic lesions (1.7 lesions per animal) (Figures 1 and 2 ). There was no statistical significance (p <0.05) between the groups III and IV as for the number of tumors observed. A smaller number of tumors was found in the groups IV, V and VI, which received Vitamin C: group V -0.5 macroscopic lesion for animal and 0.3 microscopic lesion for animal and group VI -0.1 macroscopic lesions per animal and 0.1 microscopic lesions per animal (Figure 2) . It was verified statistical significance (p <0.05) as for the reduction in the incidence of tumors in the groups V and VI, when compared to the other groups.
Therefore, an important inhibitory effect of the vitamin C on esophageal carcinogenesis occurred in the groups V and VI. 
Discussion
Squamous cell carcinoma (SCC) and the adenocarcinoma are the main esophageal tumors, both with different etiologies. The SCC represents 90% of the prevalence of esophageal cancer in the world 8, 9 . Tabagism is considered as main factor in the etiology of esophageal SCC. Researches already demonstrated that the nitrosamines present in the tobacco are related to the esophageal cancer. The consumption of alcohol and salty foods, as well as deficiencies of vitamins and some minerals are responsible for the occurrence of the same tumor. In areas of high risk for this disease, low plasmatic levels of vitamins A, C, and E as well as selenium, zinc and other elements in the diet are inversely related to the mortality rate for esophageal cancer 10, 11 . Nitrosamines, which are considered N-nitrous compounds, are employed by many researchers as chemical inductors of tumors. They cause DNA lesions and in consequence cancer. In addition, they are associated with carcinogenesis in at least 40 animal species including primates, and the induced neoplastic cellular alterations are similar to those found in human tissues 12 . The exhibition to N-nitrous compounds can occur directly through preformed products (tobacco, occupational exhibitions and diet) compound that contains nitrosating agents, which reacted to form nitrosamines and endogenous synthesis of nitrates, nitrites and nitrosating agents in reactions mediated by bacteria and the macrophages 13 . The understanding of the carcinogenesis is fundamental for the creation of efficient mechanisms for appropriate approach of the cancer, its treatment and prevention. There are three mechanisms for prevention of carcinogenesis caused by nitrosamines: avoid contact with preformed nitrosamines, protect against endogenous nitrosation and biochemical blockade from the action of the nitrosamines 14 . Epidemiological studies suggest an inverse relationship between the consumption of fruits and vegetables and the occurrence of some types of cancer, including the esophagus cancer. It means that a diet deficient in fresh fruits and vegetables is associated of increased risk for some cancers. It is believed that there is an abundance of natural preventive agents found in fruits and vegetables, including vitamins and minerals 10 . Carlton et al. 15 , using a diet based on frozen fresh strawberries, they observed the capacity to inhibit carcinogenesis in esophagus of mice. It is a fruit rich in ellagic acid, a compound associated with inhibition of the metabolism of Nnitrosomethylbenzylamine (NMBA) in cultures of esophagus of mice and NMBA-induced carcinogenesis used in experimental studies. This diet was administered to rats during 30 weeks and two weeks after the NMBA was administered, as an experimental model of carcinogenesis induced in small animals. In spite of not demonstrating significant difference in the incidence of tumors, it showed a significant reduction of 24% in the multiplicity of tumors, in a dependent way to the dosage -4.1 to 3.1 lesions per animal (p <0.05), and 56% -4.1 to 1.8 lesions for animal (p <0.05) in comparison to rats that only received NMBA. In addition, the diet administered before, during and after the treatment with NMBA, modulated the development of preneoplastic lesions and reduced the multiplicity of esophageal tumors in rats, in a dependent way to the dosage 16 .
Carlton et al. 15 also observed other compounds in high relative concentrations in the diet of frozen dry strawberries, including the vitamin C (1.41 and 2.98 mg/g dry weight) and calcium (1.6 and 1.74 mg/g dry weight).
Studies demonstrated that the ingestion of vitamin C in fruits and vegetables is inversely related to the indexes of stomach cancer, esophageal, oral cavity and pancreatic cancer 3 . The opinion that there are mechanisms by which the vitamin C may act by protecting against carcinogenesis is controversial, and several hypotheses are rised.
The correlation between cancer and ascorbic acid has been discussed nowadays, although it is not a recent theme. Eufinger and Gaehtgens 17 , in 1936, reported the successful treatment of myeloid leukemia using vitamin C, and ever since, it is has been receiving attention as substance capable of acting in carcinogenesis prevention. Several epidemiological studies had been performed trying to relate cancer and vitamin C consumption, in the normal diets or as alimentary supplement.
The Committee on Diet, Nutrition and Cancer of the National Academy of Sciences showed in 1982, that the vitamin C inhibits the formation of some carcinogens and that the consumption of foods rich in vitamin C would be associated with low risk for esophageal and stomach carcinomas 4 . Diethylnitrosamine (NDEA), a substance known for more than 30 years due to its capacity of formation of tumors, was used in this study for induction of esophageal cancer 18 , following the Rubio standardization 19 and Sallet et al. researches 5, 6 . The main mechanism by which the vitamin C may interfere with carcinogenesis is related to its ability in reducing the nitrous acid, preventing the formation of nitrosamines in the stomach 17 .
Based on measures of the ascorbic acid in the gastric juice and gastric pH, Schorah et al. 20 , observed that the nitrosation depends on the gastric acid secretion, of the pH and the bacterial synthesis at high pH. They demonstrated that the 300 mol/L is the ideal concentration of ascorbic acid to inhibit nitrosation, which occurs in humans with a daily oral ingestion of 200 mg of vitamin C.
Ausman 21 advised a daily consumption of 70-80 mg/day of vitamin C for the USA population, an amount well below the five portions of fruits and vegetables a day, which would totalize 200-280 mg/day of vitamin C, recommended by the United States Department of Agriculture and for the National Institute of Cancer.
The recommendation of vitamin C consumption for adults is of 60 mg/day 21 . Authors, such Rumsey and Daruwala 22 , suggest a daily ingestion of 100-120 mg/day, through the daily consumption of 5 portions of fruits and vegetables, and a maximum of 1,0g/day, as a safe measure to avoid adverse effects of excessive ingestion.
Although the esophageal carcinogenesis has multiple stages, the p53 protein mutation seems to happen early, preceding the phenotype alteration. The action in vitro of the ascorbic acid was evaluated on normal cells and tumor cells of the pancreas, larynx and uterus, demonstrating an effect related to vitamin C concentration on induced-apoptose of neoplastic cells, supporting the hypothesis of vitamin C effect on the genes c-myc and p53. Another mechanism of action of the vitamin C would be related to the blockade or competition with carcinogens for cytochrome P450 enzymes, blocking its metabolic activation 21, 22, 23, 24 . Free radicals can react in carcinogenesis, causing DNA oxidative lesions or cell wall damage, facilitating the entrance and action of carcinogens, such as the nitrosamines, which are very important in the formation of tumors. In sperm studies it was already demonstrated the capacity of the vitamin C for protecting DNA from oxidative lesions. Considering that vitamin C is an antioxidant, it would act by supplying electrons for neutralization of the free radicals 25, 26, 27, 28 . Oliveira et al. 29 studied the antioxidant effects vitamin C in experimental gastric cancer model induced in Wistar rats (30 mg/Kg/day) and they found reduction of oxidative stress and gastric tumor incidence. They concluded that vitamin C may have a role in prevention of gastric carcinoma.
Sasazuki et al. 31 verify effect of 5-year vitamin C supplementation on serum pepsinogen level and Helicobacter pylori infection and conclude that the vitamin C supplementation may protect against progression of gastric mucosal atrophy 30 . Telang et al. 31 demonstrated in an experimental model using rats that the vitamin C has an important angiogenic action, delaying the tumoral growth.
The multiplicity of the neoplastic lesions found in this research varied from 2.3 to 0.3 lesions per animal (groups III and V respectively) and of 2.3 for 0.1 lesions per animal (groups III and VI, respectively), also with statistical difference. The results showed reduction of macroscopic and microscopic lesions of 35% (p <0.01) and 26% (p <0.01) respectively in the Group IV, compared to the group III; however without statistical significance. On the other hand, a significant reduction of lesions was recorded in the groups V and VI, with statistical difference. Comparing the groups III and V, there was a reduction of 89% (48 for 5 macroscopic lesions) and 87% (23 for 3 microscopic lesions), p <001; and comparing the groups III and VI it was observed a reduction of 98% (48 for 1 macroscopic lesion) and 95% (23 for 1 microscopic lesion), p <0.01. Therefore, the vitamin C decreased the number of esophageal tumors.
The literature revised did not demonstrate the possibility that when the vitamin C was mixed with the NDEA solution, the vitamin C decomposed the NDEA. The data obtained by the present study are in accordance with the theory that the vitamin C inhibits strongly the esophageal carcinogenesis (Figure 2 ) 18, 22, 28 . Studies demonstrated the direct effect vitamin C on carcinogen blockade, such as the conversion of the benzopyrene and anthracene to less poisonous substances 27 , the inactivation of organochlorine pesticides 27 , and the prevention of the oxidative lesions from ozone and hydrogen oxide in association which vitamin D 28 . In spite of being consistent and exciting, some aspects should be considered. First, the data are related to the effect of the vitamin C on NDEA-induced esophageal carcinogenesis induced by in Wistar rats. Any extrapolation for esophageal carcinogenesis in general and in humans it should be done with caution. Second, the vitamin C dosage that the animals received, would correspond to the about 90g/day for an individual of 70Kg, being difficult its usage in the general population. Certainly, others researches needs to be developed, and a new door is open for carcinogenesis research.
Conclusion
The vitamin C administered together with diethylnitrosamine showed an inhibitory effect on the experimental esophageal carcinogenesis in Wistar rats.
